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"ENTS OF AERODYNAMIC C m c m I m r c s  OF A 

35O SWEPTBACK NACA 65-0Og A I R F O I L  MODEL W I T H  $-CHORD 

FLAP H A V ~ G  A ~ L P E R C ~ - ~ A P ~ H O R D  OVERHANG 

BALANCE BY TBE NACA WmG-FLOW " H I I D  

By Harold I. Johnson and Harold R. GOO- 

An untapered 35O sweptback airfoi l - f lap model ,  representative of 
either a wing or a tai l  surface, has been f i t t e d  w i t h  several   rchord 
full-span flaps differing only Is type of aerodynamic balance. A plain 
flap, 'a horn-balanced flap, and a belteled-trailing-edge flap have 
already been tested and the -subject  investigation was made with a f lap 
that had a 31-percent-flap-chord overhang balance. Some of the more 
important resul ts  axe as f ollars :  

I 

The general  trends of the aerodynamic parameters  with Mach m e r  
were similar t o  those  previously measured with other types of f laps on 
the model. The overhang-bdanced f lap  was s l igh t ly  more effect ive  in  
producing lift than a carparable plain  flap below a Mach number of 1.05. 
Between Mach numbers of 1.05 and 1.17, the converse was true.  The over- 
hang balance  tested was relatively  ineffective  in  reducing  the -e- 
moment variation w i t h  either  aagle of attack  or flap deflection. Below 
a Mach  number of 0.90, the hinge moment due t o  flap  deflection was 
reduced  approximately 30 percent by use of the overhang balance, but  the 
hinge moment due t o  angle of attack was sensibly  unaffected. Between 
Mach numbers of 0.9 and 1.00, the overhang balance l o s t  f t s  effective- 
ness and at Mach numbers between 1.00 ana 1.15, there was no clearcut 
difference between the hinge-moment characteristics of the overhang- 
balanced flap and those of a comparable plain flap. 
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IN'TRODUCTION 

A wing-flow investigation has been made to   obtain the hinge-mament 
and effectiveness  characteristics Fn the transonic speed range of 
trailing-edge  controls  incorporating  various finportant types of subsonic 
aerodynamic balance. I n  these tests, an untapered 35' sweptback a i r f o i l -  
flap combination, representative of e i ther  e wing or a t a i l  surface, was 

f i t ted with $chord full-span flaps which differed solely in type of 
serodynamic b m c e ;  AS an adjunct t o   f ~ a p - c h a r a c t e r ~ s t i c s  h t a ,  meas- 
urements of model l i f t  and pitching mament with flap fixed were also 
obtained. The characterist ics of a plain f l ap  representing  zero  aero- * 
dynamic balance were reported  in  reference 1. The characterist ics of a 
horn-balanced f lap  were reported i n  reference 2. The characterist ics 
of a beveled-trail--edge f l ap  and trFm tab were reported in refer- 
ence 3. . The data presented  herein  are from t e s t s  of an overhang- I 

balanced f lap.  

a' 

- <  

The tests  co&isted of measuremknts of the lift, pitching mamente, 
and hinge moments acting on a semispan a i r f o i l - f h p  model- having a 
sweepback angle of 35'; an aspect ratio of 3.06, a taper   ra t io  of 1.0, 
an ITACA 65-009 sect ion  in  planes perpendicular t o   t he  leading edge, and 
a full-span  true-contour q-chord flap having an overhang balance of 1 

31 perceht of. the folap Chgrd. Data were obtained over an angle-of- 
attack range of -5 t o  30 , a flap-deflection  range of -18O to  20°, a 
Mach  number range. of 0.55 t o  1.17, and a Reynolds number range of about 
5O0,OOO t o  l,kOO,OOo. Inasmuch as the tests were made a t  two widely 
sewa ted ' a l t i t ude  ranges, Reynolas number effects  could be Investigated; 
however, 'the  highest Reynolds number encountered was emall i n  comparison- 
with  probable  full-scale Reynolds nunibers. 

M average Mach  number over mow1 . 

MA airplane f ree-s t rew Mach number 

9A 

9 average ayaamic pressure over model 

SA. airplane wing area 

S t o t d  model area (semispan-wing area) 

airplane free-stream dynamic pressure 
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airplane lift coefficient 
. .  

model lift coefficient 

model sm-norind. t o  wind direction 

model chord in  streamvise m e c t i o n  

model mean  aerodynamLc chord 

model pitching-moment coefficient (measured about a x f s  
of leading edge of M.A.C.) 

model f l ap  span along hinge l i n e  of semispan model wTng 

f lap  root-mean-square chord perpendicular t o  hinge line 

model hinge-moment coef f fcient (w) . 

angle of attack; angle between model chord plane and direction 
of relative wind 

flap  deflection;  angle between flap chord l i ne  and a i r f o i l  
chord l i n e  measured in  plane perpendicular t o  hinge line I .  

variation of model l i f t  coefficient ‘with angle of attack, 

per  degree 
” 

variation of model, lift coefficient w i t h  f l ap  deflection, 

v&riation of model p i t  
attack, per d e s e e  

variation of model p i t  

deflection,  per  degree 

coefficient with angle of 

coefficient with f lap  

. i  



m i a t i o n  of f lap  h i  coefficient with m o d e l  angle of 
attack, per degree 

variation of coefficient with f lap deflection, 
per degree 

flap  relative  effectiveness 

sweepback angle 

taper   ra t io  

aspect r a t i o  

f l a p  chord i n  streamwise direction 

f l a p  area rear  of hinge line 

overhang-balance  chord perpendicular t o  hinge l i ne  

included  trailing-edge  angle of f l ap  in plane perpendlcular 
t o  hinge l i ne  

The model was " b e d  on the upper surface of an F-5Ul airplane 
w i n g  as described in  reference 1. The variation of the local velocity 
near the wing surface at the m o d e l  location is  shown In figure. 1 and 
the  vertical  local  velocity  gradient a t  the model location is presented 
i n  figure 2. Both gradients were  measured with  the model  removed. 
Model force and moment coefficients were based on an average dynamic 
pressure  corresponding t o  an average Mach m e r  over the model area. 
As indicated by figure 2, the effect  of the F-5l.D w i n g  boundary layer 
on the velocity  distribution over the model was neglected. This proce- 
dure is  considered  justifiable because the thickness of the boundary - 
layer as determined from other  investigations was of the same order of 
magnitude as the  distance from the.F-5U) w l n g  surface to   the   top  of the 
model end plate. Model f lex ib i l i ty   e f fec ts   a re  small and were neglected. 
Reference 1 contains a s o m e w h a t  more detailed  discussion of these 
effects.  

A photograph of the m o d e l  with end plate I s  shown as figure 3 .  The 
model was machined from so l id  duralumin and the thin  c i rcular  end plate, - . 

. 



having a diameter equal to the-model chord, was fastened t o  the model 
root  to  simulate semispan tests. The flap  tang  passed  through a p-inch- 
diameter  hole in  the end plate.  The &ap at  the leading edge of the f lap  
was equal t o  0.013 inch (0.004'~) and was l e f t  unsealed f o r  a l l tes ts .  
The chord of the overhang balance was constant and equal t o  31 percent 
of the f l a p  chord. rearward of the hinge line. A detail d r a w i n g  of the 
model including a, list of geometric characterist ics is  presented in 
figure 4. A description of the recording  instrunentation may be found 
in  reference 2. 

1 

The data presented herein w e r e  obtained  from two flights. In the 
first flight, the model was. fixed at zero angle of a t tack   re la t ive   to  
the airplane X - a x i s  and continuous data were recorded as the f l a p  was 
osci l la ted through a deflection range of  about -0'. In the second 
flight, the -flap w a s  f ixed  a t  Oo and continuous data were recorded as 
the m p e l  was osci l la ted through an angle-of-attack range of about -5O . 
t o  30 . The m o d e l  oscil lation  period was about 1 second and the f l ap  
oscillrttion  period was about 0:6 second. By using these r a t e s  of osci l -  
lat ion,  data were obtained  continuously  throughout the deflection and 
angle-of-attack  ranges a t  substantially  constant Mach number without 
introducing any measurable aero-c l ag  except at angles of a t tack   in  
the region of the stall (a 2 15O). 

Each flight consisted of two test runs, referred  to   hereimfter  a s  
the "high dive" run and the "level flight" run. The high-dive run was 
made by diving the airplane f r o m  28,000 feet from an indicated airspeed 
of 220 miles per hour t o  an airplane Mach number of 0.73 at appraxi- 
mately 18,000 feet. During this run usable data w e r e  obtained  for an 
average Mach number range over the model of 0.6 t o  1.17 at re lat ively 
lower  Reynolds nmbers. The level-fliat run was made by gradually 
slowing the airplane from an indicated  airspeed of 450 miles per hour 
t o  300 miles per hour at an a l t i tude  of 5,000 f e e t  following the pull- 
out of a dive from 15,OOO fee t   a l t i tude .  During this run, usable data 
were obtained  for  average Mach nmbers  over  the model ranging from 0.55 
t o  0.95 a t  coarparatively higher Reynolds numbers. Typical  variations 
of Reynolds number w i t h  Mach  number for the two types of t e s t  rum are 
given i n  figure 5.  
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ACCURACY 

The accuracy of the major variables In this investigation x a s  
estimsted  to be within the following limits: 

Mach number . . . . . . . . . . . . . . . . . . . . . . . . . . .  fO.O1 
Angle of attack, degrees . . . . . . . . . . . . . . . . . . . .  i0.3 
Flap angle, degrees . . . . . . . . . . . . . . . . . . . . . . .  kO.3 
L i f t  coefficient . . . . . . . . . . . . . . . . . . . . . . . .  iO.03 
Pitching-mament coefficient . . . . . . . . . . . . . . . . . . .  iO.015 
Hinge-moment coefficient . . . . . . . . . . . . . . . . . . . .  *0.003 

Accuracies of the   l as t  three variables  l isted  are given for  the 
lowest t e s t  speed; a t  the highest test speed, these  accuracies should 
be approxlmately  four tines better. A large part of the loss in 
accuracy W ~ S  attributable t o  shifts in instrument  zeros that occurred 
gradually  during a flight. Hence, the errors in the data appear for 
the most part  as errors in angles of zero lift, angles of zero  pitching 
moment, and angles of zero hinge maanent. Because the data at any given 
Mach  number  were obtained w i t &  a very  short period of time (of the 
order of 1 second), the dopes of the various force- and moment- 
coefficient  curves should be accurate t o  a degree  approaching the 
instrument  capabilities, which, in the present  case, add up t o  about 
2 percent of the force and moment ranges measured at intermediate  test 
speeds. 

PRESEEECATIOR OF DATA 

All force and mament coefficients  are  presented  in accordance with 
standard RACA conventions regarding definftions and signs. Pitching 
moments  were measured about an a x i s  located 17.8 percent of the mean 
aerodynamic chord ahead of the leading edge of the mean aerodynamic 
chord. 

Two typical plots of basic  data  consisting of' test  poiuts  evaluated 
a t  one  Mach  number from the continuous  recorda of force, mments, and 
position are, presented i n  ffgure 6. These plots are included t o  i l lus -  
trate  the  nature of the data and the nwit?er of test   points evaluated a t  
each Mach nunber inasmuch as the main body of basic  data i s  presented 
without showing tes t   points   in   the  interest  of c lar i ty  and brevity. AB 
i l lust rated in figure 6(a) , a amount ofaerodynamic'hysteresis 
was sometimes found a t  angles of attack i n  the region of the stall. 
Where this hysteresis occurred, the data were always faired  according 
to  the test   points measured during  the  increas-  eagle-of-attack por- 
t ion of the  oscillation. The hinge-moment data showed a perceptible 
amount of hysteresis that was approximately constant at a l l  angles of 

A 
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attack and f l a p  Mlec t i ans .  This hyatereais  resulted f r o m  improper 
e lec t r ica l  aaZnpFng of the  straln-gage  circuit ueed t o  record  hinge 
moment; however, any error  resulting from such hysteresis tends t o  be 
eliminated  by.the  procedure used of fafring the data obtained f rom a 
complete oscil lation. 

The following table gfves the order of treatment of the  basic  data 
as  well a s  a key t o  the  figures: 

Figure 
L i f t :  

CL against a(s = 0') . . . . . . . . . . . . . . . . . . . .  7 
& attained  agaFnst M . . . . . . . . . . . . . . . . . .  8 

against E ( ~ X  0') . . . . . . . . . . . . . . . . . . . .  9 
Pitching mament : 

C, against at(6 = 0') . . . . . . . . . . . . . . . . . . . .  10 
& againat 6((r * 0 0 )  . . . . . . . . . . . . . . . . . . . .  u 

I 

Hinge  moment: 

ch against a(s =o:) . . . . . . . . . . . . . . . . . . . .  E 
ch against 8 ( U % o )  . . . . . . . . . . . . . . . . . . . .  13 

The following table gives the  order of treatment of the summary 
data as well aa a h y  to   the figures: 

L i f t :  
Figure 

Pitching rmanent: 

C%, h, aerodynamic center,  center of pressure due t o  S 
against K .  . . . . . . . . . . . . . . . . . . . . . . . .  15 

- mnge moment : 

C b  againat M ( a  = Oo, 6 = 0') . . . . . . . . . . . . . . .  16 
. C- amfnst M(a x Oo, 6 = Oo) . . . . . . . . . . . . . . .  16 
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DISCUSSION OF BASIC DATA 

L i f t  Characteristics 

NACA RM L50H09 

L i f t  due t o  e of attack. - The variation of l i f t  coefficient 
with angle of a t w y f o r  a f l a p  deflection of 0' for  both the high-dive 
and level-fl ight runs is presented in  figure 7. 

The lif t-curve slope at a = 0 was substantially  unaffected by 0 

Mach number. An increase in  l if t-curve slope with  increasing  angle of 
attack was present a t  subsonic Mach numbers as w a s  noted in reference 2. 

W i t h i n  the  test  angle-of-attack range (-5O t o  30°) maximum lift o r  
a value of lift close t o  maximum l i f t  was obtained. In  figure 8, the 
variation of the maximum l i f t  coefficients  attained over the t e s t  angle- 
of-attack range is plotted  against Mach number. The curve shows a 
slight  decrease i n  maximum lift from a Mach  number of M = 0.55 t o  
M = 0.75 followed by a rapid  increase  in maximum l i f t  coefficient with 
increasing Mach number in  the  transonic speed range. These data are i n  
good agreement with the trend obtained from similar less-complete data 
presented in  reference 1. 

Reynolds nmiber had l i t t l e  effect  upon either the shape of the lift 
curves or the maximum lift coefficients  attained. 

L i f t  due t o  f lap deflection.- The variation of lift coefficient 
w i t h  f lap  deflection for a Z O' fo r  both the  high-dive and level- 
flight runs is presented in figure 9. 

The data indicate the f lap  produced l i f t  effectively throughout the 
Mach  number and deflection ranges tested.  A t  speeds below M = 0.93, 
there was some evidence of decreasing flap effectiveness at f l ap  angles 
greater than 15'. At Mach numbers of 0.95 and 1.00, the .Php effective- 
DRBB w a s  slightly l e s s  a t  small deflections  than a t  large deflections. 
A t  Mach numbers  of 1.05 t o  1.17, the variation of lift with f lap  deflec- 
t ion  tended t o  be linear over the  ent i re  range of f l ap  angles covered. 
The effects  of Reynolds number on the flap  effectiveness appear t o  be 
very small - of the order of. magnitude of possible  experimental  error. 

Pitching-Moment Characteristics 

Pitching moment due t o  angle of attack.- The variations of 
pitching-moment coefficient  with  angle of attack for a flap  deflection 
of 0' are shown in figure 10. Pitching moments were measured about an 
axis located 17.8 percent of the mean aerodynamic chord  ahead of the 
lead- edge of the mean,aerodynamic chord. Because the  pitching 
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nr moments were measured about an axis wel l  forward of the model aero- 
aynsmic center, the curves  indicate  primarily the v a r i a t b n  of 1 M t  
coefficient with angle of attack  rather than a n y  8mall variations in 
aerodynamic-center position. 

The data of figure 10 indicate the s i r f o f l  developed  measurable 
amounts of pitching moment a t  zero  angle of  attack in Bpite of a 
symmetrical section. This resu l t  is believed t o  be caused by local  
f l o w  curvatures d o n g  the mdel chord. In any application of the data 
t o  a symmetrical section, of course,  the  data should be interpreted  to  
give  zero lift, pitching moment, and hinge moment at zero angles of 
attack and flap  deflection. For this purpose, it i s  suggested the 
curves be shifted  vertically  rather  than along the  angle-of-attack or  
fhp-deflection axes. 

Pitching moment due t o  f l a p  deflection.- The variations of the 
pitching-moment coefficient with flap deflection for a z 0' axe 
presented in figure ILL, aad these data show the same general trends as 
the l if t-coefficient  variation with flap  deflection. 

Hinge-Moment Characteristics 

Hinge moment due t o  angle of attack.- Figure I 2  shows the varia- 
t ions of hinge-moment coefficient with angle of attack  for zero f lap  
deflection. Throughout the  angle-of-attack range and a t  all Mach num- 
bers (except above stall at M = 0.951, the slopes of the me-moment 
m e 8  were negative; this  characterist ic  indicates a tendency of the 
f lap t o  f l o a t  with the relat ive WFna. In the low angle-of-attack range 
a t  Mach numbers below 0.95, the slope of the curves is moderate and then 
steepens  with  increase in the angle of attack. With an increase fn Mach 
number t o  supersonic values, the slopes of the hinge-moment curves 
become strongly  negative a t  all angles of attack. This trend i s  charac- 
t e r i s t i c  of conventiona,I- trailIng-Hge controls, it indicates that 
the  predictions of simple theary  for the unswept w i n g  apply qualitatively 
to this case also.  

The over-all shapes of the hinge-moment CURS were not materially . 
affected by Reynolds m e r ;  however, the curves w e r e  somewhat less 
steep  near  zero angle of attack f o r  the higher Reynolds number level- 
flight data, which indicates an increasing  degree of balance w i t h  
increasing Reynolds number. 

Hinge mament due to f lap deflection.- The variations of hme- 
moment coefficient  with  flap  deflection at a Z Oo axe presented in 
figure 13. Below a Mach lumiber of 0.90, the f lap  showed approximately 

number of 0.9, the hinge moment due t o  flap deflection  increased 
c uniform balancing  for f l a p  deflections up t o  about *8O. Above  a Mach 
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. 
rapidly  with  increasing Mach number up t o  a Mach number of 1.05, the 
increase  indicating a l o s s  in balance. A t  supersonic Mach numbersothe 
f lap  showed approxhately uniform balance for deflections up t o  *6  . 
A t  these Mach numbers the hinge-moment curves were steepest at small 
deflections, whereas at subsonic  speeds the converse was true. The 
main effect of increasing Reynolds number was t o  extend s l ight ly  the 
flap-deflection range for uniform balancing at subsonic  speeds. 

DISCUSSION OF SUMMARY DATA 

L i f t  Characteristics 

Lift-curve  slope. - The variation with Mach number of @La measured 
at a = Oo i s  presented in figure 14. The data are i n  good agreement 
with the lift-curve  slopes for both the horn-balanced-flap m o d e l  of 
reference 2 and the beveled-trailhg-edge-flap model of reference 3. 
For the  plan form tested,  the 1 i f t - c ~ ~ ~ ~  slope was relatively  unaffected 
by compressibility throughout the Mach number range investigated. 
Reynolds number had no consistent measurable effect  upon the  l if t-curve 
slope. 

Flap  effectiveness.- The absolute  flap  effectiveness C L ~  measured 
at 6 = Oo and a w 0' is  plotted  against Mach number i n  figure 14. 
For  purposes of  comparison, previously  unpublished data obtained  recently 
from t e s t s  of a three-hinge  plain-flap model are also  presented. The 
two-hinge plain-flap data of reference 1 were not used f o r  comparison 
purposes  because same differences were found between the resul ts   for  
the  plain f laps having two and three  hinges. These differences were 
ascribed  to  different  effects of aeroelastic  distortion,  particularly 
in bending, of the f laps  because of the  different  hinge  configurations. 
It may be stated, however, that these  differences were generally snaall, 
and any major conclusions drawn frm the original two-hinge plain-flap 
tests would apply a lso  to   the results obtained from the three-hinge 
plain-flap tests. The data  in  figure 14  show that the overhang-balanced 
flap l o s t  absolute  effectiveness (CLg decreased)  with increase in 
Mach  number from M = 0.35 t o  M = 1.0. The effectivenesa then-became 
substantially  invariant with further  Increase in Mach  number t o  a Mach 
number of 1.17. The overhang-balanced flap was ellghtly more effective 
than the p h i n  flap below a Mach number of 1.05. With further  increase 
in Mach  number the absolute  effectiveness of the plain f lap  was slightly 
higher. The lift effectiveness of the overhang-balanced f lap  was 
unaffected by change fn Reynolds-number wilthin the range teated. 

The variation of the relative  flap  effectiveness &/& with Mach 
number i s  also shown i n  fiwre 14. The curve shows a continuing loss 
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in effectiveness  with  increasfng Mach  number t o  a Mach number of 1.0, 
followed by approxfiiately  constant  relative  effectiveness at higher 
Mach numbers. The curve is similar i n  shape to  the  relative-flap- 
effectiveness-  curves of references 1 and 2, but  the magnitude of the 
relative  effectiveness was somewhat greater f o r  the overhang-balanced 
flap  than for either  the  plain  f lap o r  the horn-balanced flap.  The 
beveled-trafling-edge flap of reference 3 had slightly  greater  relative 
effectiveness at supersonic  speeds but also had less at  subsonic speeds 
than  the overhaag-balanced f lap.  

Pitching-Moment Characteristics 

Pitching-moment coefficient  per  degree  angle of attack.- The 
pitching-moment slope Cw, measured at a ", 00 and 6 = Oo, is  
plotted  against Mach number in figure 15. The pitching-moment slope 
was constant t o  a Mach number of 0.70. With further  increase  in speed 
the slope  increased t o  a Mach Iullziber of about 1.075 and then reduced 
s l ight ly  in value. Reynolds' number effects  were negligible. 

Pitching moment per degree flap  deflection.- The variation of C m  
w i t h  Mach number, measured at a w Oo and 8 = Oo, is  also sham Fn 
figure 15. The pitching moment per degree flap angle did not change 
with Mach  number t o  a Mach number of  0 .go. The variation with Mach 

- number which occurred at Mach numbers above 0.9 was due primarily  to 

in the  location of the center of pressure. Reynolds nmber.had no 
measurable effect  upon the  slopes of the  curves. 

' the  variation in lift per  degree flap  deflection  rather  than  to change 

Aerodynamic-center location.- The positions of the aerodynamic 
center  obtained.at a w Oo and 6 = 0' are  plotted  against Mach num- 
ber in f i&re 15. With an increase in Mach number from 0.55 t o  0.70, 
the aerodynamic center moved forward fram 20 percent t o  16 percent 
mean aerodynamic chord. In this connection,  the  Weissinger  theory 
predicts a low-speed  aerodynamic-center position of 20 percent mean 
aerodymmic chord for the  plan form tested. With a further increase i n  
Mach number, there i s  a gradual rearward movement in  aer-c-center 
location  to 31 percent mean aerodynamic chord at a Mach IlUmber of  1.05. 
The aerodpamlc-center  position is then  essentially fnvariant with Mach 
number from a h c h  number of 1.05 t o  a Mach number of 1.15. Reynolds 
number had no measurable effect  on the aerodynamic-center position. 

Center of pressure due t o  f lap  deflection.- The position of the 
center of ressure of lift due to  flap  deflection  obtained a t  a W O O  
and 6 = Og is  plotted  against Mach nmber in figure 15. There w a s  a 
fairly  steady rearward movement of the  center of pressure of lift due 
to  f lap  deflection over t he   t e s t  Mach  number range, a movement from - 
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60 percent mean aerodynamic chord t o  96 percent mean aerodynamic chord 
for a variation in Mach  number from M = 0.55 to M = 1.15. 

Hinge-Moment Characteristics 

Flap  f loating tendency C&.- The rate of change of hinge moment 
with  angle  of attack for  a VU Oo and 6 = 0' i s  plotted  against Mach 
number In figure 16. The overhang-balanced flap had a moderate negative 
f loat ing tendency below M = 0.85. With an increase i n  Mach number 
from M = 0.85, the negative  floating tendency  (tendency t o   f l o a t  with 
the relat ive wind) Fncreased t o  a maximum and was very large a t  a Mach 
number of 1.05. With a further Fncrease in Mach mmber t o  the highest 
t e s t  Mach  number the negative  floating tendency  decreased slightly.  
The effect  of Reynolds number is evident;  increasing Reynolds number i n  
the Subsonic Mach  number range reduced the negatfve  floating tendency 
of the f lap  appreciably. Also presented  for  purposes of comparison axe 
previously  unpublished data from the tests of the three-hinge  plain- 
f l ap  model with geametric characteristfcs sfmilar t o  the overhang- 
balaaced-flap model but with a flap gap of 0.015 inch. These data show 
that, below a Mach  number of 0.85, and i n   t he  higher Reynolds number 
range of the level-flight run, the  plain  f lap had less tendency t o   f l o a t  
w i t h  the  re la t ive wind than the overhang-balanced f lap.  However, for  ' 

the same Mach  number range a t  the lower Reynolds numbers of the high- 
dive runs, the plain flap and the overhang-balanced flap had similar 
negative floating  tendencies. Within the Mach number range of M = 0.6- 
t o  M = 1.0, the  plain  f lap  exhibited a large variation of flag floating 
tendency  because the  basic hinge-mment c u r y e s  were very nonlinear. The 
basic hinge-monrent curyes for the overhang-balanced f l ap  were more 
nearly  linear so that the slopes showed a relat ively more gradual 
increase in the  transonic speed range. Above a Mach number of 1.03, 
the   plain  f lap again exhibited  less  negative  floating tendency than  the 
overhang-balanced flap.  On the  basis of these results, therefore, it 
appears.that the overhang balance tested is ineffective  for reducing 
the hinge moment due t o  angle of attack on untapered w i n g s  of small 
sweepback. 

Flap  restoring tendency C b .  - The rate of change of  hinge-moment 
coefficient with flap  deflection a t  a Oo and 6 = Oo is plotted 
against Mach number in figure 16. In addition t o  the overhang-balanced- 
f l ap  data there are a l s o  presented data from the previously unpublished 
tests of a dimensionally similar three-hinge  plain-flap model. A com- 
parison  of-these data shows that below a Mach number of 0.9 and over 
the Reynolds number range  covered, the overhang balance rehced  the 
hinge moments due t o  deflection  approximately 30 percent. Above a Mach 
number of 0.90, the oirerhang balance  rapidly  lost  effectiveness t o  the 
extent that, at a Mach  number of 1.0 the  plain  f lap had less unbalanced 

. .  



hinge moment than  the overhang-balanced flap. A t  low supersonic  speeds 
there was 110 practical  difference between the hfnge moments of the 
plain  f lap and the overhang-bdanced f lap.  The rapid l o s s  in 
aerodynamic-balance effectiveness of the overhang-balanced f l s p  at 
&&.numbers above M = 0.9 an6 the large hinge moanents abok M = 1.0 
indicate the overhang balance is ineffective i n  the transonic and low- 
supersonic speed range. However ,  because the 31-percent-fla.p-chord 
overhang balance tested was relatively  ineffectfve even a t  subsonic 
speeds, the poesibil i ty exists that a flap having a greater overhang 
might -bit better hlnge-mment chazacteristics throughout the 
entire Mach number range  investigated. 

On the basis of w i n g - f l o w  tests of a full-span r c h o r d   f l a p  having 1 

a 31-percent-flap-chord overhang balance mounted on a 35O sweptback 
untapered NACA 65-009 a i r f o i l  model of aspect r a t i o  3.06, the 
following  conclusions were reached: 

1. The general  variations i n  lift, pitching-moment, and hinge- 
moment characteristics with Mach number were approximately the same as 
those measured previously w i t h  plain,  horn-bahnced, and beveled- 
trailing-edge flaps m u t e 6  on the model. Within the range tested, 
Reynolds number had no measurable effect  on lift or pitching-mcanent 
characteristics; however, increasing  the Reynolds nuaiber by a factor 
of about 2 increased the aerodynamic-balance effectiveness  noticeably 
at d l  angles of attack and tended t o  increase the sngular ranges 
f o r  maximum balance at a given Mach number. 

2. The overhang-balanced f lap  was sl ight ly  more ef fec t ive   in  
producing lift than a comparable p la ln   f lap   a t  Mach numbers b e l o w  1.05. 
Between Mach nmibers of 1.05 and 1.17, the converse was true. 

3. The overhang-balanced flap tested appeared t o  be cwrpletely 
ineffective  in reducing the negative &ge mam!=nt due t o  angle of 
attack; at subsonic speeds the hinge moments- of the overhang-balanced 
f lap  were slightly  greater  than  those measured on an equivalent plain 
flap. 

. .  

4. The 3-percent-flap-chord overhang balance  reduced the hinge- 
moment variation w i t h  flap  deflection about 30 percent at  Mach numbers 
below 0.90. Between &ch numbers of 0.90 and 1.00 the overhang balance 
apparently lost a l l  i ts  effectiveness, and at Mach numbers above 1.00 
there w a s  no appreciable  difference between the hinge moments of the 
overhang-balanced f lap  and those of an  equivalent plain flap.  



14 I NACA RM LwHO9 

5 .  The overhang-bdanced T h p  tested showed no promise as an 
effective aerodynamic balance at transosic or supersonic speeds; however, 
because the degree of subsonlc  balance was low, perhaps  further 
attention should  be given t o  sFmilar f laps  having larger overhangs 
than 31 percerit of the f lap  chord. 
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Flgure 1.- Typical variations of local Mach nmher near wing surface 
with  chrdwise distance along wlng surface  for various airplane 
Mach numbers and lift  coefficients as measured with model removed. 
Model  location Indicated by sketch. 

.. . . .  . . . .  
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I 
Figure 2.- Typical variatione of local  Mach number vith vertical dlstance 

above wing surface as meaeured at chordwise station AA with mdel 
removed. Measurements made on l e f t  wing which had same contour as 
right wing. No allowance made far wing boundmy layer. 

. . . . . . . . . . . . . . .. . . . . . . . . . . . - . . . 
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Figure 3. - Photograph of 35' sweptback NACA 65-009 model with $ - chord 
overhang-balanced flap. 





NACA RM L w O 9  

A” 360 
h - 3.06 h- 1.0 

b - 4.89 Ln. 
E - 3.25 La. 
S = 15.66 8q. in. 9 = 6.88Ln. 

Figure 4.- Plan form and cross section of 35O sweptback NACA 65-009 
airfoil with 25-percent-chord, full-span, averhang-balanced flap. 
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Figure 5.- Variation of Reynolds nuniber with Mach numbek for tests of 
35O sweptback, NACA 65-009 a i r fo f l  model with 1 -chord overhang- 
balanced f l a p  by the wing-flow method. Reynolds nuniber based on 
a i r f o i l  chord parallel’to  direction of flow. 
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(a) Variation of CL, C,, and Ch with  angle of attack. 
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Figure 6.- Typical examples of basic data obtained from strain-gage 
balance. NACA 63-009 a i r fo i l ,  A = 3.06, cf = 0.25~9 ~ ~ e r h a n g -  
balanced f l a p .  Level-flight run, M = 0.75. 
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Figure 6.- Concluded. 
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Figure 7.- Variation of l i f t  cogfficient with angle of attack throughout 
Mach number range for 6 = 0 . NACA 65-009 a i r fo i l ,  A = 3.06, 
A = 35O, cf = 0.25c, overhang-balanced f lap.  
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Figure 7.- Concluded. 
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Figure  8.- Variation of maximum l i f t  coefficient  obtained below a w 30' 
with Mach nmiber. 
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(a) High-dive runs. 
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Figure 9.- Variation of lift coefficient wi th  flap deflection throughout 
Mach  number range for  a 2 0'. NACA 65-009 airfoil,  A = 3.06, * 
A = -35O, cf = 0.25c, " overhang-balanced flap. . . . .  . . .  
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(b) Level-flight runs. 

Figure 9.- Concluded. 



CUI 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

.1 

0 

-. 1 
-.2 

-. 3 
- .4 

M 
0.65 

. 70 
. .  .75 

.80 

.85- 

.90 

.95 

1 .oo 

1.05 

1.10 

1.15 

. 

01, degrees 

(a) High-dive runs. 

Figure 10.- Variation of pitching-moment  coefficient with angle of w -  

at tack throughout Mach number range far 6 = oo. NACA 65-009 a i r f o i l ,  
A = 3.06, A = 35O; cf-= 0.25c, overhang-balanced flap. Moment 
coefficient given about axis .located 17.8. percent war-aerodynamic t 

chord ahead of leading  edge of mean aerodynaniic chord, - 
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(b) Level-flight runs. .  

Figure 10. - Concluded. 
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(a) High-dive runs. 

.gure 11.- Variation of pitching-moqent coefficient wlth flap deflection 
throughout Mach  number range for a w 0'. NACA 65-009 airfoil ,  
A = 3.06, A = 35O, cf = O.25c, overhang-balanced flap. Moment 
coefficient  given  about  axis  located 17.8 percent mean aerodynamic 
chord ahead of leading edge of mean aerodynamic chord. 
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(b) Level-flight runs. 

Figure U. - Concluded. 
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. w e  12.- Variation of hinge-moment coeff ic ient .  _with .angle. .of atta 
throughout Mach number range for  6 = Oo. NACA 65-009 a i r fo i l ,  
A =-3.06, A = 35 0 , cP = 0.25c, overhang-balanced flap. 
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Figure 12 .- Concluded. 
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Figure 13.- Variat ion of hinge-moment  coefficient with flap deflection 
throughout Mach number range for a. w Oo. NACA 63-009 airfoil,  
A = 3.06, A = 35 0 , cf = 0.25c, overhang-balanced flap. 
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(b) Level-flight runs. 

Figure 13.- Concluded. 



Figure 14.- Variation of airfoil-model and flap l i f t  effectivenees with 
Mach number for a z Oo, Ef = 0'. NACA 65-009 a i r fo i l ,  A = 3.06, 
n = 35', cf = 0.252, overhang-bal'ancea flap. 

. . .  



Mach number 
- 
Figure 15.- Variation of airfoil-model and flap pitching-moment charac- 

t e r i s t i c s  with Mach nunber f o r  a 2' Oo, Ef = Oo. NACA 65-009 a i r f o i l ,  
A = 3.06, A = 35O, cf = 0.25c, overbng-balanced  flap.  Pitching 
moments measured about a x i s  located 17.8 percent mean aerodynamic 
chord ahead of leading edge of mean aer0dynmd.c chord. 
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Figure 16.- Variation with  Mach number of rate of change  of  hinge-moment 
coefficient with angle of attack  and with flap deflettion meaeured  at 
a z Oo, 6f = 0'. NACA 65-009 airfoil, A = 3.06, A = 35O, 
cf = O.25c, overhang-balanced flap. 




